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RESEARCH MEMORANDUM

SOME MEASUREMENTS OF BUFFETING ENCOUNTERED BY A
DOUGLAS D-558-IT RESEARCH ATRPIANE IN THE
MACE NUMBER RANGE FRQM 0.5 TO 0.95

By Thomas F. Baker
SUMMARY

A flight investigation of the variation of the intensity of buf-
feting with 1ift and Mach nunber has been conducted with & Douglas D-558-II
research alrplane in the Mach number range from 0.5 to 0.95 at altitudes
varying from 20,000 to 35,000 feet. The values of pesk airplane normsal-
force coefficient attained varled from sabout 1.0 to 1l.35. Buffeting was
encountered during maneuvering flight at all Mach numbers attained and
during level flight at Mach numbers sbove 0.9. The intensity of the buf-
feting varied with Mach nunber and with airplane normal-force coefficient
but, at Mach nunbers greater than 0.85, 1ift had no spprecisble effect on
buffeting at normel-force coefficients less than 0.1k5. Messurements of
the intensity of buffeting showed that, in the Mach number range from 0.5
to 0.83, low-intensity buffeting existed at normal-force coefficients
gbout 0.1 zbove the buffet boundary but that, at a normel-force coeffl-
cient about 0.2 sbove the buffet boundery, the intensity of the buffeting
was high. A%t Mach numbers above 0.83 high-intensity buffeting occurred
at normal-force coefficients greater than 0.64 but at Mach numbers greater
than 0.925, high-intensgity buffeting was not experilenced. The lowest
normal~force coefficlents at which other than low-intenslty buffeting
existed occurred between Mach numbers of 0.90 and 0.93.

INTRODUCTTION

Buffeting may be defined as an serodynamically Induced structural
vibration of one or more components of an airplane. TIts origin lies in
the turbulent flow existing in the wake behind a wing and 1n the unsteady
flow assoclated with separation. The seriocusness of buffeting lies in the
possibility of structural fatigue, in the possible imposition of maneu-
vering limits due to the intensity of the buffeting, in pileot discomfort,
and in the creatlon of an unsteady gun platform.
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The National Advisory Committee for Aeronsutics is utllizing the
Douglas D-558-II research airplanes for flight investigations at the
NACA High-Speed Flight Research Station at Edwerds Air Force Bage, Calilf.,
as part of the cooperative NACA-Navy transonic flight research program.
This paper presents some results of an Investigation of the buffeting
experienced by a Douglas D-558-II airplsne in the Mach rumber range from
0.5 to 0.95.

SYMBOLS
a velocity of sound, ft/sec
CNp airplene normel-force coefficient, nW/gS

scceleration due to gravity, f£t/sec?

g
hP pressure altitude, It
M

Mach number, V/a

n airplane normal load factor, g units

Q free-streem dynamic pressure, pVe/2, 1b/sq £t

S wing sree, sq £t

v free-stresm velocity, ft/sec

W airplane gross weight, 1b

e sirplene angle of attack, deg

LCy incremental fluctuation of airplane normal-force coefficient
due to buffeting, W An/qs

An inecremental fluctuation in normal acceleration due to
buffeting, g units

o mass density of air, slug/ftd



NACA RM I53I17 e ] 3
ATRPIANE AND INSTRUMENTATION

The Douglas D-558-I1 airplanes have sweptback wing and tail sur-
faces and are air-lsunched from a modified Boeing B-29 airplene. The
D-558-I1 airplane used for the present investigation is powered by a tur-
bojet engine exhsusting from the bottom of the fuselage shead of the tail
and by & rocket motor exhausting from the extreme rear of the fuselage.
The inlet ducts for the turbojet engine are flush with the fuselage and
are located shead of and below the wing-fuselage juncture. Pholographs of
the sirplane are ghown in figure 1 and a three-view drawing is shown in
figure 2. Pertinent airplane dimensions and physicel characteristlcs are
listed in table I. The airplane 1s equipped with an adjustable stabilizer
and both leading-edge slats and stall-control fences are incorporated on
the wings. The wing slats can be locked in the closed position or they
can be unlocked.:

Standerd NACA recording instruments, synchronized by a common timer,
were used to record normal acceleration, alrspeed, altlitude, and angle of
ettack. Strain-gage bridges are installed at the roots of the wing and
tall to measure stress levels and steedy loads. The resgponses of all
strain geges were recorded with & Consolidated recording oscillogreph at
frequencies flat to 60 cycles per second. The airspeed system was cali-
brated at all Mach numbers by the RACA radar-phototheodolite method
(ref. 1) and the accuracy of the Mach numbers presented herein is esti-
mated as t0.010.

TESTS AND PROCEDURE

The data presented herein were obtained during turns at altitudes
varylng from 20,000 to 35,000 feet. All data were taken with the air-
plane in the clean (slats-locked-closed) condition. The position of the
stabilizer was not varied during the turns. For these tests, both the
rocket motor and the turbojet engine were used for climb to altitude and
for acceleration to low supersonic speeds. Moet of the data were taken
after the exhaustion of rocket fuel when the slrplane was powered by the
turbojet engine only. HNeither the presence nor type of power has been
found to have any significant effect on the date taken.

During buffeting one or all of the major components of the airplane
vibrate structurally. The acceleratlon at the center of gravity of the
airplane due to structuwral vibrations of the components is a criterion
of buffeting of the esirplane as an entity. The buffet intensities pre-
sented in this paper were determined by measurlng the amplitudes of buffet-
Induced fluctuations in normsl scceleration and converting these lncremental
accelerations to values of incremental normal-force coefficient ACy. Pre-

liminery unpublished data obtained with another research alrplane have
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indicated that, In the altitude range from 15,000 to 35,000 feet, alti-
tude or dynamic pressure appeared to have no substantial effect on the
intensity of buffeting when expressed 1In coefficient form. Accordingly,
the variations in altitude during the present tests are not considered
to affect appreciably the buffet-intensity data presented herein.

The accelerometer used for buffet-intensity determination was locs-
ted near the center of gravity of the airpleme. It is an air-damped
ingtrument having & natural frequency of 13.5 cycles per second. The
response of this instrument varies with air density and forcing frequency.
The incremental-acceleration data obtalned with it have been corrected
for both veriants by using the predomirant buffet frequency (12.5 cps)
g8 the forcing frequency. It 1s realized that the use of a low natural-
frequency air-damped accelerometer in evaluating buffet-induced accelera-
tione (or incremental normel-force coefficilents) is somewhat questionable;
however, in the interest of providing some information on buffeting as
soon as possible, the date obtained with available instrumentation were
reduced, corrected Insofaer as possible, and are presented in this paper.
The strain gages installed at the roots of the wing and tall could not
be used to determine the masgnitudes of buffet loeds.

RESULTS AND DISCUSSION

A typlcal example of the relationship among 1ift, angle of attack,
and buffeting is shown in figure 3 where the buffet-induced fluctuation
in normal-force coefficient ACy sabout the mean airplane normal-force

coefficient Cy, 1s presented as a function of angle of attack for a

Mach number of approximately 0.8. As is shown, steady 1ift exists up to

an angle of attack of sbout 3° but, as angle of attack is further increased,
buffeting sterts and increases in intensity up to a pesk ACy of *0.075

at an angle of attack of 8°. It should be noted that the normsl-force
curve rapidly decreases in slope between sngles of attack of 6° and 8°

and that the decrease in slope is accompanied by a rapid increase in the
intensity of the buffeting. The decrease in the intensity of buffeting
which occurs at an angle of attack of sbout 10° 1s possibly the resulit

of a high rate of change of angle of attack but the relation between rate
of pltch and buffeting intensity has not been investigeted.

Values of ACy 1less than +0.02 have been arbitrarily consldered to

represent low-intensity buffeting. High-intensity buffeting has been
arbitrarily considered to be equivelent to values of ACy greater than
+0.05. When expressed in terms of incremental normal-force coefficient,
buffet intensity 1s indicative of the relative severity of buffeting.
Values of ACy eare expressive of actual buffet megnitude only at some
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given value of dynamic pressure and wing loading. The wing loadings,
operational altitudes, and pilots' oplnions of buffeting for several
fighter-type airplanes were teken into account in the selection of Aly

velues of ¥0.02 and ¥0.05 for low- and high-intensity buffeting. For
the maneuver of figure 3, the buffeting below an angle of attack of 4.5°
is of low intensity. Above an angle of attack of T° the buffeting 1s of
high intensity.

Buffet frequencies were determined from fluctustions in normal accel-
eration at the airplane center of gravity and from stress fluctuations at
the roots of the wing and horizontal tall. Acceleration fluctuations were
recorded predominantly at an average frequency of 12.5 cycles per second.
Becsuse of the poor frequency-response characteristics of the accelerometer,
no response to frequencies higher than 12.5 cycles per second were recorded.
The buffet frequencles Indicated by wing and tall stress fluctuatlons are
presented in table II. Although no quantitative measurements of buffet-
induced stresses have been made, the relative amplitudes and order of
occurrence of stress fluctuations are inecluded In the table as a matter
of interest. In genersl, the higher frequencies were found to be super-
imposed on the lower frequency fluctuatlions. The correlatlon between
natural structural frequencles and buffet frequencies is shown in table III.
The natural structural frequencies were determined by ground vibration
tests (ref. 2).

The variation of airplane buffet intensity with airplane normsl-force
coefficient at Mach numbers of approximstely 0.5, 0.8, and 0.9 1s pre-
sented in figure 4. At Mach number of 0.5 and 0.8 (figs. 4(2) and 4(b),
respectively), the start of buffeting is a clearly defined point. At a
Mach mumber of spproximately 0.9 (fig. 4(c)) buffeting was present at the
lowest normal-force coefficient attained. The variation with Mach number
of the onset of buffeting during the present tests is shown in flgure 5.
The buffet boundary established during previous low-altitude £flights of
the airplane (ref. 3) is elso shown in the figure. Most of the data of
the present investigation are in fair agreement with the buffet boundary
previously established. The buffet-boundary point shown at Cyp = 0.09

and M = 0.872 occurred at an altitude of 20,000 feet, the approximste
altitude of the tests of reference 3, but the remainder of the buffet-
boundary points at Mach nunbers greater then 0.85 were obtained at alti-
tudes in excess of 30,000 feet and indicate that, at that altitude,
buffeting starts at a slightly higher Mach number. The data are not
sufficlent, however, to establish conclusively that the onset of buf-
feting does vary with altitude.

The intensity of buffeting does not increase with 1ift immediately
after its onset. The point at which there is an sbrupt increase in buffet
intensity with Increase in 1ift is termed the buffet-intensity rise.
Buffet-intensity-rise points are indicated in figure 4. The variation
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of the buffet-intensity rise with Mach number is shown 1n figure 5. The
intensity-rise boundary denotes the depth to which the buffet region can
be penetrated before buffeting of increassing severity is experienced. It
mey be seen in figure 5 that the increment in normsl-force coefficient
between the buffet boundary and the intensity-rise boundary is not appre-
cigble for this airplsne at Mach numbers less than 0.85 but, at Mach num-
bers greater than 0.85, 1ift has no appreciable effect on buffeting at
normal~-force coefficients less than CNA =~ 0.45 although buffeting exists

gt normal-force coefficients less than 0.l. The boundary for a decay in
longitudinal stebility of the airplane (ref. 4) is included in figure 5
as g matter of Interest. It may be noted thet at Mach numbers less than
0.9, the buffet intensity occurs at & lower normei-force coefficient than
the decsy in longitudinal stebility.

The veriation of the intensity of buffeting with normal-force coeffi-
cient is somewhaet random during any one maneuver. This is indiceted by
the data of figure k. However, it has been found that, in general, the
meximimm buffet intensities that will be encountered at any given value
of 1ift fall within an envelope described about the Intenslties measured
during any one maneuver. Plots similar to those of figure 4 have been
made for every turn in which buffeting was encountered and the buffet
intensities determined from faired envelopes of the data are summerized
in figure 6. For the Mach number range from 0.5 to 0.83 it can be seen
that, at normel-force coefficiente about 0.1 sbove the buffet boundary,
the intensity of the buffeting is low but that, at an increment in Crp

of gbout 0.2 sbove the buffet boundary, high-intensity buffeting is
encountered. As Mach number increased from 0.83, the normal-force coef-
ficlents defining the buffet boundary decreased rapidly but the normal-
force coefflclents defining the upper limit of low-intensity buffeting
decreased very gradually to a minimum value of 0.4 and then increased as
Mech number increased from 0.9%. High-intensity buffeting occurred at
normal-force coefficients greater than 0.64 but at Mach numbers greater
then 0.925, high-intensity buffeting was not experienced. It is of some
importance to note that the lowest normal-force coefficients at which the
various buffet intensitles exist occur between Mach numbers of 0.90 and 0.93.
Further increase in Mech nunber at constant 1ift results in a decrease in
the intensity of buffeting. Buffet Intensities greater than ACly = 10.05

could not be summarized because of insufflcient data; however, as 1s shown
in figure 4, buffet intensities much greater than ACyjy = £0.05 were encoun-

tered at high velues of alrplane normsl-force coefflcient. The peak air-
plane normel-force coefficients shown in figure 6 are the highest values
which have been attained. Maximum normel-force coefficient, as evidenced
by a decrease in normal-force coefficient with Increase in angle of attack,
has not been attained. The variation of buffet intensity with Mach number
and 11ft as determined in the present tests 1s compared in figure T with
gimilar data obtalned at high subsonic and supersonic speeds with an
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all-rocket version of the Douglss D-558-IT (ref. 5). The all-rocket
D-558-IT airplane i1s identical iIn configuration to the dual-powered air-
plane used in the present investigation except that it has no turbojet
engine and inlet and exhaust ducts have been eliminated. The discrep-
ancies in the variation of buffet intensity thet exist between the two
airplanes are attributed mainly to the limited data from which the results
were obtained and to inaccuracies in Mach nunmber. Altitude effects, if
any, could not be determined.

Comparison of the subsonic and supersonic buffet regions of fig-
ure T shows that, at Mach numbers less than 0.95, buffeting is much more
serious than at higher Mach numbers. Transition from subsoniec to super-
sonic flight can be accomplished without experiencing other than low-
intensity buffeting if a normal-force coefficient of 0.4 is not exceeded
but the onset of high-intenslty buffeting at moderate values of normal-
Porce coefficient establishes a limitation on the maneuverability of the
airplane at Mach nurmbers less than 0.925. It must be realized, however,
that large loss of Mach nunber can occur during high subsonic and super-
sonic maneuvers because of high drag due to lift. Loss in Mach number
at high 1ift above M = 0.925 results 1In the alrplane sbruptly entering
the region of high-intensity buffeting.

As a matter of interest, the vaeriastion with Msch number of the normal-
force coefficient produced by constent angles of attack is presented in
figure 8. Data from both the dual-powered ailrplane of the present tests
and the all-rocket airplane are contalned In the figure and appear toc be
in good agreement. In figure 9 the buffet boundary and the various buffet-
intensity limits have been superimposed on the curves of constant angle
of attack presented in figure 8. For the sake of clarity, discrepancies
in the buffet-intensity limits have been falred out by assuming that, in
general, the data of the present tests are the more accurate. No eddi-
tional discussion of the variation of the buffet Intensities is thought
necessary but it should be observed that, for normal-force coefficlents
at which high-intensity buffeting occurs, the increment In normsl force
produced by incremental increase in angle of attack is very small. Thus,
the onset of high-intensity buffeting cen be considered the practical
meneuvering limit of the airplsne.

CONCLUDING REMARKS

A flight investigation of the verilation of the intensity of buf-
feting with 1ift and Mach nunber has been conducted with a Douglas
D-558-I1 research airplane in the Mach mmber range from 0.5 to 0.95 at
altitudes varylng from 20,000 to 35,000 feet. The values of peak air-
plane normal-force coefficilent attained varied from sbout 1.0 to 1.3.
Buffeting wes encountered durling maneuvering flight at all Mszch numbers
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sttained and during level flight at Mach numbers sbove 0.9. The intensity
of the buffeting varied with Mach number and with alrplane normsl-force
coefficient but, at Mach numbers greater than 0.85, 1lift had no appreci-
able effect on buffeting at normal-force coefficients less than 0.45.
Measurenments of the intensity of buffeting showed that, in the Mach num-
ber range from 0.5 to 0.83, low-intensity buffeting exlsted at normal-
force coefficients gbout 0.1 @bove the buffet boundary but that at a
normal-force coefficient about 0.2 above the buffet boundary, the Intenslty
of the buffeting was high. At Mach numbers ebove 0.83, high-intensity
buffeting occurred at normal-force coefficients greater than 0.64 but, at
Mach numbers greater than 0.925, high-intensity buffeting was not expe-
rienced. The lowest normal-force coefficients at which other than low-
intensity buffeting existed occurred between Mach numbers of 0.90 and 0.93.

Lengley Aeronautical Lsboratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va., September 2, 1953.
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TABLE T

PHYSICAL CHARACTERISTICS OF THE DOUGLAS D-558-I1 ATRPLANE

Wing:
Root airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-010
Tip airfoil section (normal to 0.30 chord) . . . . . . NACA 637-012

Total area, 8 £t « « ¢« ¢ o o o ¢ ¢« &« o o o o o ¢ » = o o« s s « 175.0
SPAT, TL + o o o o o 4 e o s e e e e e e e e e e e .. 250
Mean serodynamic chord, in. . e e s e+ e e e« .« « . 87.301L
Root chord (parallel to plane of symmetry), in. . ..... 108.91
Tip chord (parallel to plane of symmetry), in. . . . . . . . . 61.18
Taper TAEI0 ¢ « « « « o o o o o s s o o o o s o o o o o o o o » 0.565
Aspect ratio .« ¢ & ¢ ¢ ¢ 4 4 4 e e e s e e s s s e s s e s o« 3.570
Sweep at 0.30 chord, deg . . . . . s e e s s s s s e s e« o s 35.0
Incidence at fuselage center line, deg e & e o e & o & & o o @ 3.0
Dihedral, A@g . « + « o o s o s ¢ o o s s « o ¢« » « s s o o « & =3.0
Geometric twist, deg . . . . ¢ e e s e & o . 0
Total aileron srea (rearward of hinge), sg ft . . . . . .« . 9.8
Aileron travel (each), deg€ .« « « « o« o = « o o« « « « . o5
Total flap area, 5Q £t « = ¢ ¢ o « s o « « s o o s o o .« . . 12.58
Flep travel, deg . ¢« « &« o o o ¢ ¢ o ¢ o o o o « o s . . . 50

Horizontal tail:

Root airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-010
Tip airfoil section (normel to 0.30 chord) . . . . . . . NACA 63-010
Aree (including fuselage), SQ Ft - « « = & ¢ « « ¢« = o + o« « » 39.9
Span, in. N 1 T Y
Mean serodynamic chord, in. . . B T I 5
Root chord (parallel to plane of symmetry), in. st e e« . . . B53.6
Tip chord (paraliel to plane of symmetry), in. . . . . . . . . 26.8
Taper ratio « « « & ¢ o« & ¢ o & =« e o o & &« = o &« 0.50
Aspect ratio . . « . ¢« + .+ « o & c s s s s s e s s . 3.59
Sweep at 0.30 chord line, deg . . e« e s e . « . ko.o
Dihedral, deg « « « + o « ¢ o o = e e e s e s u e )
Flevator area, sqg £t . « « « + & e e e s e e e e s e 9.4
Elevator travel, deg

e s e e

UP « « « o o o o o o o o o o 5 s o 5 o o s o s o s o o » » o 25

PBovn . . . < . . e e s & o o s e o s e s e o & s s e a4 o s 15
Stabilizer travel, deg .

Ieading €dZe UD « « « « o s o o « « s o o « o o o o o « 2 o a b

Teading edge QOWHR . . &« ¢ o o o o ¢ o o o o s o « ¢ @« = & o o 5
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TABLE I - Concluded

PHYSICAL CHARACTERISTICS OF THE DOUGLAS D-558-I1 ATRPLANE

Vertical tall:

Airfoil section (normal to 0.30 chord) . . . . . .
Area, sq TF . ¢« ¢« ¢« ¢ ¢ 4 s e ¢ 4 & 4 4 o 4 o o
Height from fuselage center line, in. . . . .

Root chord (parsllel to fuselage center line), in.
Tip chord (parallel to fuselage center line), in.
Sweep angle at 0.30 chord, deg . . . . . .
Rudder asrea (rearward of hinge line), sq £t
Rudder travel, deg . . « « « ¢« ¢ ¢ o ¢« ¢ « o o o« o

Fuselage:
Tength, ft . . « ¢« « « « .
Maximm diameter, in. . .
Fineness ratio . . . . .
Speed-retarder area, sq ft

Engines:
Turbodet « o o « o ¢ o o « o = o e o« s s o o s o =
Rocket « & ¢ 4o ¢ ¢ o o o e o = « s« a a s o s a = =

Airplane weight, 1b:
Full jet end rocket fuel . &« & ¢ ¢ & ¢ o 4« o 2 o @
Full Jet fuel . & ¢ ¢« ¢ ¢ ¢ c o o « o = a s« o o =
o fuel . & & ¢ ¢ ¢ ¢« ¢« 2 s s o « « a« o a s = o =

Center-of-gravity locetions, percent M.A.C.:
Full jet and rocket fuel (gear up) « -« + « « « . .
Full jJet fuel (ZEBT UD) v v v v ¢ v o o « o o o &
No fuel (282 UD) « « ¢ « ¢ « & o« o o« © o o « o =
No fuel (gear GOWN) « ¢ v « v « o o v o « o o o

NACA 63-010
. . . . 36.6
. « . « 98.0
. . . 16.0
e - « . k.0
. . . . b49.0
e . .. 6,15
e .. . T25

... .hoo0
.« . « . 60.0
e .« -« o 8.0
. ... 5.25

. J-34-WE-LO
. . IR8-RM-6

. . . 15,131
.. . 11,92
. . . 10,382

. [ ]
n
o
IV AN}
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BUFFET FREQUENCIES OF WING AND TATL OF DOUGLAS D-558-II AIRPLANE

Frequency, Relative Relative
Component cps occurrence amplitude
Wing 11.8 to 14.0 Predominant large
1%4.0 to 17.0 Intermittent Moderate
20.5 to 23.5 Infrequent Small
42,0 to 48.0 Predoninant Moderate
Tail T.9 to 11.0 Intermittent Modersate
12.2 to 16.1 Predominant Large
21.0 to 27.6 Intermittent Small
34k.0 to 38.6 Infrequent Small
Greater than 50 Infrequent Very small




TABLE ITI

CORRELATION BETWEEN NATURAL AND BUFFET FREQUENCIES FOR DOUGLAS D-558-TI AJRFLANE

Ratural structural frequencles

Buffet frequencies

Component Mode cpa cps Component
Bending
First symetricel éA) 12.5 11.8 to 14.0 | Wing
Firet symmetrical (B)| 15.3 {1h.o to 17.0 | [Wing
, 12.2 to 16,1 | \Horizontel stebilizer
Wing Firgt umsymmetrical 22.5 20.5 to 23,5 | [Wing
, £1.0 to 27.6 | Horizontel stabilizer
Torgion '
Piret symmetrical 43,5 42.0 to 48.0 | Wing
First wnsymmetrical b4
Rocking 7.8 7.9 to 11.0 | Horizontel stebllizer
Horizontal stebilizer|Bending
First unsymmetrical 25.0 21,0 to 27.6 | Horizontael stabilizer
Fuselage Torslon 27.8 © 21.0 to 27.6 | Horizontal stebilizer
Vertieal stsbilizer |Bending 36,1 3.0 to 38,6 | Horizontel stabilizer
Mode T 12.3 11.8 to 4.0 | Wing
Afrplane Mode II1 15.7 14.0 to 17.0 | JWing
12.2 to 16,1 |)Horizontal stabilizer

LTICCT W VOV

€T
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L-70846
(a) Front overhead view of the dual-powered Douglas D-558-II1 resesrch
airplane.

- i o SPUERAERE }—~

L-709h8
(b) Side view of the dual-powered Douglas D-558-II research airplane.

Pigure l.- Photogrephs of Douglas D-558-IT research airplane powered by
both & turbojet engine and a rocket motor.
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Figure 2.- Three-view drawing of the dual-powered Douglas D-558-II
research airplane.
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